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ABSTRACT

This application report describes the way to interface the TMS320CX54x[] digital signal
processor (DSP) with an 12C device. The setup uses the multichannel buffered serial port
(McBSP) configured as general-purpose input/output port, and is coupled with a timer
interrupt to implement the 12C protocol. An attempt has been made to provide a glueless
interface to the DSP. However, due to the current driving capability of the DSP, a 74HC125
buffer is included.

A setof registers is provided to allow the user to control the I2C protocol. This particular setup
has been successfully implemented and tested with the TMS320C5410 EVM from Spectrum
Digital. The 12C devices used in the test are two electrically erasable programmable
read-only memories (EEPROMSs) (PMS3324) from Philips Semiconductor.

This document describes the DSP configured as a single master in the 12C standard mode.
The hardware interface and software control of the 12C data transfer are presented. In
addition, the test methodology with 12C devices is discussed. Finally, limitations and
suggestions of this application are stated.
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1.2

Introduction

There is no dedicated 12C hardware in TI's TMS320C50000 platform of DSPs. This application
report is focused on interfacing the TMS320C54x DSP as a single master to the 12C bus in
standard 12C mode. With this application report, the user can extend interfaces of the
TMS320C54x DSP to 12C devices.

It would be nice to provide a glueless interface to the 12C bus. However, due to the currently
driving capability of the DSP, a relatively inexpensive buffer has been added between the DSP
and the 12C devices. In addition, a timer and a McBSP must be allocated to implement this
protocol.

Objective

The objective of this application is to build an 12C interface with a minimum hardware
requirement, and a user-friendly 12C application program. This program should operate in a way
similar to a device driver, and should operate in the background. This will allow actual
application running at the foreground, while the 12C protocol runs at the background. A simple
user-friendly protocol should be presented to the user.

Standard 12C Bus Protocol

An 12C bus [1] consists of two bidirectional lines: serial data line (SDA) and serial clock line
(SCL). The output of 12C devices is open-drain, or open-collector, in order to perform the
wired-AND operation. The arbitration procedure between multi-master relies on the wired-AND
connection to prevent data corruption. The master in control of the bus always generates the
clock signal in SCL, while the slower 12C slave may stretch the clock by holding down the clock
line. Thus, synchronization is achieved among devices with different clock speeds.

Every element of data transmitted or received is 8 bits long, with the most significant bit (MSB)
transmitted first. The 12C protocol requires the data on the SDA to be stable during the HIGH
period of SCL. Transition on the SDA line can only take place while the clock is low. Otherwise,
this would be recognized as a start or stop condition. The number of bytes per transfer is
unrestricted, but each byte must be followed by an acknowledgement bit from the slave. Hence,
whenever the master sends a byte, it will check for a acknowledgement bit (low at SDA) from the
slave. In the event where an acknowledgement is absent, an error condition occurs.

As the 12C protocol allows multiple slave devices to be connected to a single master, a form of
addressing must be present. This address information is stored at the very first byte of the data
sent. Only 7 bits are used to address the slave device, while the last bit signifies whether a read
or write in initiated by the master. Figure 1 shows a timing diagram of the master receiving one
byte from the slave. To put a logic high onto the 12C bus, the I12C device releases the line where
it is connected to the pullup resistors. On the other hand, to put a logic low onto the bus, the
device pulls the line low.

TMS320C5000 is a trademark of Texas Instruments.

Interfacing the TMS320C54x DSP to an 12C Bus 3
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Figure 1. Receiving One Byte From the I12C Slave
Figure 2 shows the internal connection of I12C slave devices. Notice that the transistors used are

open-drain. This open-drain characteristic allows bidirectional linput/output (/O) over the two
signal lines.
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Figure 2. Connection of I2C-Bus Devices to an 12C Bus

1.2.1

Open-Drain Output Characteristic

All' 12C devices have open-drain output terminals. 12C data transfer is based on this
characteristic for proper operation, particularly the synchronization and arbitration procedure.

See Figure 3.

Output 1

Output 2

Result

Figure 3. Example of Two Open-Drain Outputs wire-AND Together

4 Interfacing the TMS320C54x DSP to an 12C Bus
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The TMS320C54x general-purpose input/output (GPIO) is not bidirectional. Hence, we have to
use 2 GPIOs each to connect to SDA and SCL. One of the GPIOs is configured as input, while
the other is configured as output.

1.2.2 I2C Features Supported

This application report focuses on the simple data transfer between the TM320C54x (master)
and slave devices. The main features of 12C supported are:

* Single master, multi slaves

* Upto 100 Kbit/s

* Clock synchronization with slower slave

e 7-bit addressing

2 |2C Interface: McBSP as GPIO

The choices for the input/output (1/0O) ports on the DSP include the host port interface (HPI) and
the multichannel buffered serial port (McBSP). The latter is preferred, as there is normally more
than one McBSP, and only one HPI port available.

In this setup, the McBSP port is configured as a general-purpose I/O port (GPIO), in which four
lines are used (see Table 1). FSX and DX are used as input and output pins for the SDA line,
while DR and FSR are used as input and output pins for the SCL line. Four pins are used to
interface to SDA and SCL because the GPIOs are not bidirectional, as mentioned earlier. The
circuit of the 12C interface is shown in Figure 4.

A non-inverting line buffer, 74HC125, is used to provide the current driving capability and
isolation to the TM320C54x. Pullup resistors [1], Rp, with 10Kilo ohms are used for the slave
devices, while series resistor, Rg is used to accommodate voltage drop if there is logic

difference.
Vee
Rp i Rp:J.O KQ

TMS320C54x
Rg=1 KQ
DX [> o SDA
FSX <|
Rg=1 KQ
FSR [> ScL
DR <]
74HC125 12C 12C
slave slave
A B

Figure 4. Hardware Setup for 12C Bus Interface

The difference in voltage level occurs when output of the buffer is high, but the 12C slave device
may pull the line low (see Figure 5 for more examples). This will create a short-circuit path
between the buffer and the I12C devices. To circumvent this, a series resistor of a suitable value
is used to limit the current. The calculation of the resistance values are discussed in section 6.2.

Interfacing the TMS320C54x DSP to an 12C Bus 5
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Figure 5. Four Situations Arise on the Need of Series Resistor, Rg
2.1 McBSP Configuration for GPIO

The serial port control register 1 and 2 (SPCR 1 and 2) and pin control register (PCR) are
configured so that the McBSP is to be used as a general-purpose I/O, rather than a serial port.

The bit configuration is shown in Table 1.

Table 1. Configuration of Pins as a General-Purpose I/0

GPIO Enabled Selected as Output Value Input Value
Pin by Setting Both: Output: Driven From: Selected as Input: Readable on:
DX XRST*=0 Always DX_STAT
XIOEN =1
FSX XRST*=0 FSXM =0 FSXP
XIOEN =1
DR RRST*=0 Always DR_STAT
RIOEN =1
FSR RRST*=0 FSRM =1 FSRP
RIOEN =1
The initialization routine is written as a subroutine, _init_gpio, in the source file, i2Zc.asm. This
routine can be called from C or the assembly program.
6 Interfacing the TMS320C54x DSP to an 12C Bus
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3  Timer Interrupt

The 12C application monitors SCL and SDA lines periodically by the use of a timer interrupt. It is
critical to get an optimum sample period, while not missing a valid signal transition.

From the timing specifications of the 12C, the transfer rate is 100 Kbit/s, or 10 us (SCL clock
period). This can be derived from adding tq|gH, tLow: tr and t;. See Figure 6.

* CLK high pulse width, tyjgH =4 Us
e CLK low pulse width, t_ oy = 4.7 us
* CLKrise time, ty =1 ps
* CLK fall time, t; =0.3 ps

tHIGH

| |
— et — e g

Figure 6. Timing Characteristics of Clock (SCL)

The time for the periodic sample should be less than 4 us. This application report uses a 1-us
timer interrupt to poll for the status of the SCL line.

Again, from the timing specification of 12C:

* Hold time for start condition, typ.s7a = 4 us

* Setup time for start condition, tgy.sTa = 4.7 us
¢ Data hold time, tHD:DAT = 0

* Data setup time, tgy:par = 250 ns

* Setup time for stop condition tgy:sTo = 4 US

Figure 7. Timing Characteristics of SDA and SCL

To satisfy all the timing requirements and program simplicity, a common 5-us timing is chosen
for the timer interrupt for the five cases (separate timing can be adjusted in the definition section
of the source file. See Table 3). In addition, a 1-us interrupt is also used to check for signal
transition.

Interfacing the TMS320C54x DSP to an 12C Bus 7
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4  Usage and Description of the I2C Program

The software desigh methodology involves the following considerations:

1. An I2C timer interrupt service routine (ISR) to be operated in the background

2. The user only needs to specify in the main program which is the mode of data transfer,
where the data is stored, and how long he data is.

3. The I2C ISR will be transparent to the user, and when transmission is over, it will signal
the user by setting the SUCC flag in the I2CSTATUS register.

From this section onward, the 12C terms and definitions used are described in Table 2.

Table 2. 12C Terms and Definitions

Term

Description

Transmitter
Receiver

Master

Slave

Synchronization

Start condition

Stop condition

Acknowledge bit

The device which sends data to the bus.
The device which receives data from the bus.

The device which initiates a transfer, generates clock signal, and terminates a transfer.
TM320C54x is a single master in this setup.

The device addressed by the master. The number of devices that can be connected is limited by
the bus capacitance of 400 pF. Above this value, there will be excessive time delay and hence,
lower transfer rate.

Procedure to determine one clock signal among devices with different clock speeds. The low
period of SCL is determined by the device with the longest low clock period. The high period of
SCL is determined by the device with the shortest high clock period.

A high-to low-transition on the SDA line while SCL is high. The master will control the bus after
this.

A low-to-high transition on the SDA line while SCL is high. The bus will be free after this.
A receiver sends an ACK bit or ACK* bit after a byte has been received.

® In master-transmitter mode, the slave acknowledges by pulling down SDA so that it remains
stable-low during the high period of the 9th clock pulse.

® In master-receiver mode, the operation is the same as above except during the first byte and
the last byte. In the first byte, it is the sending slave address, and it operates like a
master-transmitter. In the last byte, the master signals the end of data to the slave
transmitter by not generating an ACK (or generating an ACK*) before the stop condition.

8 Interfacing the TMS320C54x DSP to an 12C Bus
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4.1 12C Functions

A total of five functions, listed in Table 3, are provided to implement the 12C operation.

Table 3. Driver Functions

Function Name

Description

_init_gpio

_init_i2c

_i2c_write

_i2c_read

_USER_FUNCTION

Initializes McBSP as GPIO.

Initializes 12C control registers, the timer interrupt mask register (IMR), and the period to
interrupt is set. All byte/bit counters are initialized, and the slave address is loaded. It is
necessary to call this subroutine prior to any transmit or receive function.

Initializes master-tansmitter mode, and data transmission to slave devices starts.
Initializes master-receiver mode, and data reception from slave devices starts.

This function is called when data transfer is over. Here, it serves as a good control
sequence for the user for the next transfer.

NOTE: All functions are C-callable.

4.2 Other Registers: Definitions and Initializations

The memory registers allocated in the 12C ISR are used to control the flow of program and set
up the correct bit for transfer or storage and error report. They are listed in Table 4, and the
complete description can be found in Appendix A.

Table 4. Control Registers Used in 12C ISR

Register Name

Description

_I2CSTATUST
_ODPTRT

_ODBYTECTRT

ODBITCTR
IDPTR

_IDBYTECTRT

IDBITCTR
ERRORCODE

_SLAVE_ADDRT

12C status register. Controls the mode and flow of operation.
The address of the first byte in the output data (total 256 bytes) memory location.

Output data byte counter. The first 8 bits contain the pointer to the current outgoing byte,
and the next 8 bits are used to store the total number of bytes to send. Only 255 bytes can
be sent at a time.

Output data bit counter. Contains the counter to the current outgoing bit.
The address of the first byte in the input data (total 256 bytes) memory location.

Input data byte counter. The first 8 bits contain the pointer to the current incoming byte, and
next 8 bits are used to store total number of bytes to receive. Only 255 bytes can be
received at a time.

Input data bit counter. Contains the counter to the current incoming bit.
Contains the type of error occurred during I12C ISR.

Contains the 7-bit slave address (receiver or transmitter). Defined by the constant,
K_SALVEADDR, in i2c.inc include file.

t These are C-addressable memory registers.

Interfacing the TMS320C54x DSP to an 12C Bus 9
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The initialization of 12C data transfer protocol is written in a call subroutine, init_i2c in i2c.asm, in
which the timer interrupt mask register (IMR) and period to interrupt is set, all byte/bit counters
are initialized, and the slave address is loaded. These registers can be modified to the
programmer’s preference after this subroutine is called. It is necessary to call this subroutine

prior to any transmit or receive function (see example below).

.ref _init_gpio, _init_i2c
CALL _init_gpio
CALL _init_iZ2c

: Ref erence fromi 2c. asm

;G0 to _init_gpio subroutine.

;G0 to _init_i2c subroutine.
; Start operation | NTM are enabl ed.

To disable 12C transfer protocol after the start of timer interrupt (see the two examples below):

I2C Operation Mode

; Set up DP.
i 2c disable flag in
; _| 2CSTATUS(K DI SA 0 & | 2C DP,

ANDM #K_DI SABLE TINT, |MR
LD # | 2CSTATUS, DP
ST #K DI SA 0, _|2CSTATUS ;O ear

; Clear TINT naskabl e register

;defined in i2c.inc include

file).

This section describes the necessary steps for configuring the mode of a 12C operation, i.e.,

master-transmitter or master-receiver.

Master-Transmitter (MT)

Two registers, _ODPTR and _ODBYTECTR, must be defined before calling the subroutine,
i2c_write, for sending data to the slave. Although TMS320C54x is a 16-bit device, only 8 bits of

a memory word are used.

_ODPTR

_ODPTR+1

_ODPTR+2

_ODPTR+254

_ODPTR+255

Slave address

1st data byte

2nd data byte

254th data byte

255th data byte

15

Number of bytes to send

The actual address for data starts at _ ODPTR+1, and the number of bytes to send must be
defined in the _ODBYTECTR register. After this, a call to _i2c_write subroutine will initialize the
_I2CSTATUS, and shift the slave address 1 bit to the left, to append transfer direction (R/W¥),
i.e., O for write, to the least significant bit (LSB) of the first byte (slave address byte).

4.3
Address
Content
_ODBYTECTR
10

Interfacing the TMS320C54x DSP to an 12C Bus
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To send 11H, 33H, and 55H to the slave (default address), see the example below:

STM # ODPTR+1, ARL ;ARL points to first data byte | oc.
ST #11H, *ARLl+ ; 11H store to CDPTR+1

ST #33H, *AR1l+ ; 33H store to CDPTR+2

ST #55H, *AR1l+ ; 55H store to ODPTR+3

ST #3, _ODBYTECTR ;3 bytes to send

CALL _i2c_wite ;Initialize wite operation

;i2c transfer starts from here

To send 100 bytes addressed by AR2 to the slave (address AOH), see the example below:

STM # ODPTR+1, AR1 ;ARL points to first data byte | oc.
RPT #99 ; Repeat next instruction for 100 tines
WDD *AR2+, *AR1+ ; Move data to ODPTR nenory

ST #100, ODBYTECTR ;100 bytes to send

ST #A0H, SLAVE ADDR ;Overwrite default slave address

CALL _i2c_wite ;lnitialize wite operation

;i2c transfer starts from here

Master-Receiver (MR)

Only one register, IDBYTECTR, must be defined before calling the subroutine, i2c_read, for
receiving data from the slave (lower 8-bit, while the higher 8-bit is clear). This register will define
how many bytes the master should receive. The definition of the input data register is illustrated

below.
Address _IDPTR _IDPTR+1 _IDPTR+2 ~~ _IDPTR+254 _IDPTR+255
Content | Slave address 1st data byte | 2nd data byte ~~ 254th data byte 255th data byte
15 8 7 0
_IDBYTECTR 0 Number of bytes to receive

The actual address for data starts at _IDPTR+1, and the number of bytes to receive, must be
defined in the IDBYTECTR register. After this, a call to the _i2c_read subroutine will initialize
the I2CSTATUS, and shift the slave address 1 bit to the left, to append transfer direction
(R/W*), i.e., 1 for read, to the LSB of the first byte (slave address byte).

To receive 20 bytes from slave (address: 44H), see the example below:

ST #20, _IDBYTECTR ;20 bytes to receive
ST #44H, _SLAVE_ADDR ; Overwite default slave address
CALL _i2c_read ;Initialize read operation

;i12c transfer starts from here

Interfacing the TMS320C54x DSP to an 12C Bus 11
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5.3

5.4

5.5

12

Software Flow

This section explains the software process flow of the I12C operation implemented. The flow
chart of the application are illustrated in Appendix B.

Main Control Loop

The flow chart shown in Figure D—11 shows the main function of the I12C Timer interrupt service
routine. The flow of the functions is sorted in order of priority, and one process is executed per
timer interrupt. The _I2CSTATUS register is updated in the current cycle, and the subsequent
timer interrupt will be based on it.

The main loop will first check if 12C data transfer is a disabled, successful, or erroneous transfer.
If any of the above three cases is true, the timer interrupt will be disabled. It also consists of the
following sequences: release SCL, PULL SCL acknowledgement bit, start condition, stop
condition, master-receiver, and master-transmitter. At the end, it will enable the timer interrupt
again, and the whole cycle continues.

SCL Goes High Sequence

This sequence has the highest precedence in the loop because of the need to generate the
clock signal for data transfer. This is done if the SCLH flag of [2CSTATUS is set.

There are basically three tasks in this sequence, i.e., synchronization, receive data in MR mode,
and clock out data in MT mode. In the synchronization task, SCL is released and is monitored. If
it does not maintain at its high level, that means some other device is holding down the SCL line.
The whole process is repeated in the subsequent interrupt. This allows the master to
synchronize with the slower slave. For the other two tasks, it is mainly generating the clock to
receive or send data.

The period of the next timer interrupt (defined in K_SCL_HIGH pulse width) and SCL goes low
flag, CLKL, are set so that one clock pulse is generated.

SCL-Goes-Low Sequence

No synchronization is needed in this sequence, due to the nature of the open-drain output of the
I12C device. SCL will always pull low, no matter what logic level is in other devices.
Acknowledge-Bit Sequence

In MR mode, the first byte (slave address) to be sent is handled by MT mode. For the rest of the
data, the master pulls SDA as an acknowledgement to the slave during this bit. It is important to
release this line at the end of the acknowledge bit. Following 12C specification, the master will
not pull SDA (ACK?*) for the last byte before the stop condition.

In MT mode, the SDA line is released for the slave to acknowledge through this line. SCL will go
high in the next interrupt, and th eACK bit will be checked by the master within the
SCL-goes-high sequence.

Start-Condition Sequence

The start condition begins when both SDA and SCL are high. SDA is then pulled low, and the
next interrupt is set for the period of typ-sTA, When the interrupt is generated, SCL is pulled low,
thus completing the start condition.

Interfacing the TMS320C54x DSP to an 12C Bus
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5.6

5.7

5.8

Stop-Condition Sequence

Before beginning the stop condition, SCL is released, and SDA is pulled low. After an timer
interruption of tgy-sTo long, SDA is released. This marks the end of the stop condition.
Master-Receiver Mode Sequence

Two main functions involved in this sequence are: sending the slave address byte and receiving
data from when SCL is high. Prior to receive data, the master must specify which slave is to be
addressed. Hence, for the first byte, it is sending the slave address through the MT mode
sequence. After that, it will read th eSDA line with every clock.

Master-Transmitter Mode Sequence

The master sends out data onto the SDA line prior to generating the clock on SCL line. This
cycle continues for 8 times (byte) until it frees the SDA line for acknowledgement from the slave.

Figure 8 shows the timing diagram of a master sending a byte to a slave device of address 58H.
The vertical lines signify the timer interrupts, which are defined in Table 3.

ACK Stop

o l l l l l \\
=]

} 5—P 4—
H—HH—Z —b — 4
—B — 1

Figure 8. Master Sending Byte to Slave Device of Address 58H

As shown in Figure 8, the single-master 12C device, i.e., the C54x DSP, starts off only when the
I12C-bus is high. When a data transmission is initiated, the master will execute a start condition
by pulling SDA while SCL is high. As shown in Figure 7, the time to observe during the start
condition is typ:sTA (hold time for the start condition). Hence, the time to interrupt will set at
K_START_HOLD_TIME. After this interrupt, the program will pull SCL low, thus completing the
start-condition sequence.

Interfacing the TMS320C54x DSP to an 12C Bus 13
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In Figure 6, the SCL low pulse width, t| oy, is 4.7 us. Hence, the time to the next interrupt will set
at K_SCL_LOW?2. This will meet the minimum low pulse width of the 12C clock. When the
interrupt comes, this is the time to output data onto SDA line. This instant is shown at the third
vertical fine line in Figure 8, in which the data is zero. In Figure 7, there is a data setup time,
tsy:pAT: o satisfy. Hence, the time to interrupt will set to K_SCL_LOW1. Note that tgy:paT is
250 ns from the specification, while the default time is set at 5 us in the program. After this
interrupt, the master will release the SCL line. This is the point where the synchronization
process starts. The master will check if SCL went high. If it did not go high, the interrupt will be
set at 1 us, and will continuously poll for SCL at this interval until the slave releases SCL high.
This scenario is depicted in Figure 9.

If the slave releases SCL, the clock high pulse width has to be defined. In Figure 6, the SCL high
pulse width, tygH is 4 us. Hence, the time to the next interrupt will be set at K_SCL_HIGH. SCL
will remain high for the K_SCL_HIGH microsecond, and the master will pull SCL low when the
next interrupt comes. Since 12C has a wired-AND open-drain output characteristic, SCL will go
low, regardless of the logic level of the slave devices. The same cycle continues when SCL goes
low again for the K_SCL_LOW2 microsecond. After which, th emaster will output data to the
SDA. This instant is shown at the sixth vertical fine line in Figure 8.

For master-receiver mode, the operation is similar to master-transmitter mode, as described
earlier. The master will generate clock pulses onto SCL line and perform any clock
synchronization as necessary, if the slave devices slow down the transmission by stretching the
low pulse width of SCL. The master will read from the SDA line during the high pulse of the SCL.

The timing diagram of the data transfer (without slave devices) is measured with an
oscilloscope, as shown in Appendix C. All the parameters in Table 3 satisfy the 12C specification.

Table 5. Timing of SCL Defined in the Program Include File (time.inc)

Default
12C Timing Duration
No. Spec. Terms Definitions in Source Code (us)
1 tHD:sTA K_START_HOLD_TIME 5
2 - K_SCL_LOW1 5
3 - K_SCL_LOW2 5
4 - K_SCL_HIGH 5
S tsu:sTO K_STOP_SETUP_TIME 5

Interfacing the TMS320C54x DSP to an 12C Bus
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6.1

Data pulse is
stretched

SDA

SCL

|

Figure 9. Example of Synchronization of SCL in the Master-Transmitter Mode

In Figure 9, the scenario of using a slower 12C slave device is illustrated. Normal clocking and
data writing ends at the third instant in Figure 9 when the master releases SCL but the SCL line
does not go high. This happens frequently in slower 12C devices where more time is needed to
process the previous data bit or byte. An example is a memory device (EEPROM), where there
is an inherent write/erase cycle between received data, thus prolonging the data transmission.
This is also the reason why an EEPROM is used to test this application in section 6.

Since SCL does not go high, a shorter time to poll for the change is needed. In this application, a
default time of 1 us is used. This is illustrated between the third instant and the fourth instant.
There are multiples polling at the 1-us interval for the slave to release SCL until the fourth instant
where SCL finally goes high. Then, normal operation resumes where the K_SCL_HIGH
microsecond is initialized for the next interrupt. This results in the interrupt in the fifth instant
shown in Figure 9.

The quick polling time is suggested at 1 us. Although the user can reduce this time for better and
faster monitoring of any logic change in SCL, it is necessary to consider the instruction cycles of
the user’s main application and this I12C application. In addition, it is necessary to bear in mind
that 12C is not meant for fast data communication, but for its flexibility in addressing and
controlling 12C slave devices.

I2C Data Transfer Test

The 12C data transfer is verified with a PCF8582 12C EEPROM [2] from Philips Semiconductor.
The objective of this test is to prove the validity of I2C functions and the integrity of data transfer.
The test involved writing some data into the EEPROM, and checking the content by reading
them back.

PCF8582 EEPROM With 12C-Bus Interface

PCF8582 is a floating-gate EEPROM with 256 x 8 bits. The device type identifier is fixed at
1010B, and these are the 4 MSBs of the 7-bit device address. Chip select is done by three
address inputs (Ao, A1, Ap), and up to eight similar devices can be connected to the 12C bus.
These three address inputs make up the rest of the LSB of the device address. The memory
address to the 256 locations is called “word address”, starting from 0 through 255. See
Figure 10.

Interfacing the TMS320C54x DSP to an 12C Bus 15
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| 2 | o | 1 | o | A [ A | A | rRw |
Figure 10. Device Address and Operation Mode
6.2 Hardware Setup

16

The 12C interface circuit is setup as shown in Appendix D. The power supply, Vcc, is 5 V. The
output high current, Ioy, of the buffer [3] is in the range of 6 mA and the typical output high
voltage, Vop;, is 4.3 V. When there is a logic difference across series resistor, Rg, the resistance
is calculated to be around 700 Q. Therefore, Rg is chosen to be 1 KQ.

The total maximum input high current of the two 12C devices are 20uA. The pullup resistors, Rp,
are chosen to be 10kQ from figures 25 and 28 of the 12C specification sheet [1]. Note that Rg
mentioned above, is not the series protection resistor explained in the 12C specification sheet.

The chip select pins (Ao, A1, Ag) of EEPROMSs are set to 000 and 001. Therefore, Slave 1 and

Slave 2 addresses are 50H and 51H, respectively.

¢ Vee
Rp Rp=10 KQ
TMS320C54x
Rs
DX [> o SDA
FSX <|
Rg=1 KQ
FSR [> SCL
DR <]
74HC125 12C 12C
slave slave
A B
L1 L1
| | [
0 0

Figure 11. 12C Bus Interface With EEPROMs
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6.3

Test Methodology

The following steps are carried to test the 12C data transfer on Slave A.

* Send slave address and write operation bit: 1010 0000 (AOH).

e Send word address: 0 (write data from memory address 0 and onward).

e Send some bytes of data to EEPROM (check acknowledge from EEPROM).
*  Wait for EEPROM erase/write (E/W) cycle [2].

* Send slave address and write operation bit: 21010 0000 (AOH).

* Send word address: 0 (EEPROM points back to memory address 0).

* Send slave address and read operation bit: 1010 0001 (A1H).

* Read the same number of bytes of data from EEPROM.

I12C data transfer is successful if data is written to EEPROM with acknowledgement and the
same data is read back.

Conclusion

An 12C data transfer driver is developed on the TMS320C54x DSP using a timer and McBSP.
The application has been tested on EEPROM from Philips Semiconductor with the DSP
configured as a master. An easy and user-friendly interface has been defined to allow the user
to make use of these functions with minimum effort. In addition, this I2C application runs in the
background, and will call a user function once the 12C operation is complete. This allows the
user to run their main application, while accessing the 12C devices at the same time.

References
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2. PCF8582 256 x 8 bit CMOS EEPROM with 12C-bus interface, Phillips Semiconductor, Feb 1997.
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Appendix A Memory Registers

A.l1 [2CSTATUS

15 14 13 12 11 10 9 8
[ pDisa | - | succ | ERR Ack | stop | ckL | cCLkH |
7 6 5 4 3 2 1 0
| sTART | MODE | ADDR PRESCL | PRESDA | CURSCL | CURSDA |
Bit Name Function
15 DISA Disables the 12C data transfer operation.
14 - Not used. (For user’s application.)
13 SUCC Success in sending or receiving data.
12 ERR Error in sending or receiving data. Type of error reported in ERRORMSG.
11 ACK Indicates current bit is acknowledge from master or slave
10 STOP Indicate current byte is the last data to send or receive
9 CLKL SCL goes LOW flag
8 CLKH SCL goes HIGH flag
7 START Initiates start condition
6,5 MODE 10: Master—receiver mode
01: Master—transmitter mode
4 ADDR Indicates current byte is slave address
3 PRE SCL Previous SCL logic level
2 PRE SDA Previous SDA logic level
1 CUR SCL Current SCL logic level
0 CUR SDA Current SDA logic level

18 Interfacing the TMS320C54x DSP
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A.2 ERRORMSG

15 3 2 0
| X ERRCODE
Bit Name Function
15-3 - Not used
2,1,0 ERRCODE Error code. Only one error is defined, and the rest are for user’s application.
Bit
2,1,0 Error type
000 No error
001 No acknowledge from slave
010 Lines busy or unknown condition

A.3 ODBYTECTR/IDBYTECTR: Output/Input Byte Counter

15 | 87 0
| Current Byte Pointer Number of Bytes
Bits Name Function
15-8 Current byte pointer Points to the current byte. 0 is first byte, 1 is second byte, and so on.
7-0 Number of bytes Number of bytes to send/receive. Since 8-bit, only 256 bytes allow to send/receive
at one time

A.4 ODBITCTR/IDBITCTR: Output/Input Bit Counter

15 | 32 0
| X Current Bit Pointer

Bits Name Function

15-8 - Not used

7-0 Current bit pointer Points to the current bit poisition of the current byte

A.5 ODPTR/IDPTR: Output/Input Data Pointer

Function: Address of the first memory location of the 256 long data bytes

Interfacing the TMS320C54x DSP 19
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Appendix B Software Process Flow Chart

Update previous and
current SDA/SCL

SCL HIGH
routine

SCL LOW
routine

Acknowledge
routine

Start
condition
2

Yes

Start condition
routine

Stop
condition
2

Yes

Stop condition
routine

Read

from slave
2

Master receiver
routine

Write

to slave
?

Master transmitter
routine

No
Disable timer Enable timer
interrupt interrupt
End
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Appendix C Program Listings

LR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RS R EEE R EEEEEREEEEEREREEEEREEEEREREESESES

*The following files are needed to inplement the |2C protocol

* 1) i2c.asm tiner interrupt service routine

* 2) vectors.asm interrupt vector table

*3) init_pll.asm initialize CPU clock routine
* 4) i2c.cnd: code and data sections allocation
* 5) i2c.inc: constants

* 6) i2creg.inc: menory registers

* 7) bsp.inc: MBSP addresses
* 8) time.inc: timng constants

LR R S I I I R I I R I R R S I R R

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREREEEEEEEESEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEE LSS

* Fi | ename: bsp.inc *
IR SRR S S S S S S S S SRR R R SRR EEEEEESEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE]
SPSA .set 0048H ; MCBSPl1 sub-address register

SPCR1 .set 0049H ; MCBSP1l control register 1

SPCR2 .set 0049H ; MCBSPl1 control register 2

XCR1 .set 0049H ; MCBSP1 transmit control register 1

XCR2 .set 0049H ; MCBSP1 transnmit control register 2

SRGR1 .set 0049H ; MCBSPl1 sanple rate genarator register 1

SRGR2 .set 0049H ; MCBSPl1 sanple rate genarator register 2

SPCR1_SUB .set 0000H ; Serial port control register 1 (subaddress)
SPCR2_SUB .set 0001H ; Serial port control register 2 (subaddress)

RCR1_SUB .set 0002H ; Serial port transmt control register 1 (subaddress)
RCR2_SUB .set 0003H ; Serial port transmt control register 1 (subaddress)
XCR1_SUB .set 0004H ; Serial port transmt control register 1 (subaddress)
XCR2_SUB .set 0005H ; Serial port transmt control register 1 (subaddress)
SRGR1_SUB .set 0006H ; Serial port sanple rate genarator register 1 (subaddress)
SRGR2_SUB .set 0007H ; Serial port sanple rate genarator register 2 (subaddress)
PCR_SuUB .set O00OEH ; Serial port pin control register (subaddress)

K_XI CEN . set 0010000000000000b ; Set XICEN enable

K_RI CEN .set 0001000000000000b ; Set RICEN enable.

K_FSXM . set 0000000000000000b ; Set FSX as input.

K_FSRM . set 0000010000000000b ; Set FSR as output.

K_DX_STAT 1 .set 0000000000100000b ; Mask DX_STAT bit ON.
K_DX_STAT O .set 1111111111011111b ; Mask DX_STAT bit OFF.
K_DR STAT 1 .set 0000000000010000b ; Mask DR STAT bit ON.
K_DR STAT 0 .set 1111111111101111b ; Mask DR _STAT bit OFF.

K_FSXP_1 . set 0000000000001000b ; Mask FSXP bit.
K_FSXP_0 .set 1111111111110111b ; Mask FSXP bit.
K_FSRP_1 . set 0000000000000100b ; Mask FSRP bit.
K_FSRP_0 .set 1111111111111011b ; Mask FSRP bit.
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IR R R R R RS E S S S E S EEEE R R R R R R R SRS EEEEEEEEEEEEEEEEEEEEEREREEEEEEEEEEEEEEEEEEEEEEES
* Filenanme: i2c.inc *
* This file defines all constants and flags used in the program *

ERE R R R EEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEE]

*] 2CSTATUS Regi st er
*Status of |2C transm ssion

* 4 +
* 15| 14| 13| 12| 11| 10| 9 | 8 | 7 | 6 5| 4| 3 | 2 | 1 | 0]
*+ +
*| DI SA| CTRL| SUCC| ERR | ACK | STOP| CLKL| CLKH| Start| Mde |Addr| Pre | Pre | Cur | Cur]
| I I I I I I I I I I | SCL | SDA | SCL | SDA|
* 4 +
K_CSDA 1 . set 0000000000000001b ;Current SDA is high.

K_CSDA 0 .set 1111111111111110b ;Current SDA is | ow.

K _CSCL_1 . set 0000000000000010b ; Current SCL is high.

K CSCL_0 .set 1111111111111101b ;Current SCL is |ow.

K_PSDA 1 . set 0000000000000100b ; Previ ous SDA is high.

K_PSDA 0 .set 1111111111111011b ;Previous SDA is | ow.

K PSCL_1 . set 0000000000001000b ; Previous SCL is high.

K_PSCL_O .set 1111111111110111b ;Previous SCL is |ow.

K_ADDR 1 . set 0000000000010000b ; Sl ave address flag on

K_ADDR 0 .set 1111111111101111b ; Sl ave address flag off

K_READ FROM SLAVE . set 0000000001000000b ; DSP read from sl ave
K_VRI TE_TO SLAVE . set 0000000000100000b ;DSP wite to slave
K_READ FROM MASTER .set 0000000000000000b ; DSP read from naster
K_WRI TE_TO MASTER .set 0000000001100000b ;DSP write to master

K_START_1 .set 0000000010000000b ; Start condition

K_START_O .set 1111111101111111b ;Not start condition

K _CLKH_ 1 .set 0000000100000000b ; Next interrupt set SCL=high
K_CLKH_O .set 1111111011111111b ;Disable this feature.

K CLKL_1 .set 0000001000000000b ; Next interrupt set SCL=l ow
K_CLKL_O .set 1111110111111111b ;Disable this feature.
K_STOP_1 .set 0000010000000000b ; Stop condition

K_STOP_O .set 1111101111111111b ;Disable this feature.

K_ACK 1 .set 0000100000000000b ; Next interrupt is ACK
K_ACK 0 .set 1111011111111111b ;Disable this feature.
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K ERR 1 . set 0001000000000000b ; Error

K ERR O .set 1110111111111111b ;No Error

K_SucC 1 . set 0010000000000000b ;12C data transfer successful

K_SucC 0 .set 11011111121111111b ;12C data transfer fails.

K DI SA 1 . set 1000000000000000b ;12C protocol disable

K DI SA 0O .set 0111111111111111b ;12C protocol enable

K RESET I2C .set O ; Reset 12C register.

K_I 2C_READ .set 1 ; Mode of operation: Attach a RRWbhit at

KI2CWITE .set O ;the end of slave address.

* ERRORMSG Regi ster*Error nmessage of |2C

* + +

* | 15 31 2 1 0O

* + +

* | xxxx | ERRCODE |

* + +

K_ERR_NO ERRCR . set 000b
K_ERR_NOACK .set 001b
K_ERR UNKNOMAN .set 010b

rhkkkkk kA Ak hkk kA Ak Ak kA dk Ak kkkhkkkx
’

; **USER PERFERENCE SETUP **

IEEEEEEEEEEEEEEEEEEEEEEEEESE]
1

; ***  SETUP SLAVE ADDRESS

EIR R R Ik I S S S I R R R S Sk I S S Rk kS S S S SRk S R R I I I I I

K_SLAVEADDR .set 1010000B ; Set slave address (7bits).

R I R R R I R R S R R R
)

. ***SELECT Sl TUATI G\IS TO STGD DATA TRANSFER****************************************
; K DI SABLE | 2C .set K _SUCC 1 ; Stop after transfer is over.
K DI SABLE | 2C .set K SUCC 1| K ERR 1| K DISA 1 ;Stop when error or disable occurs.

BEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEREEEEEEEEESEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEEEE RS
)

LR EEE R EEEEEEEEEES EG: IR R R R R R EE R EE RS SRR R SRR R EEEEEEEEEEREEEEEEEE]
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IR R R R R R R R R R R R RS R R R R R R R R RS R R R R R R R R R R R R EEEE R EEREEEREEEEREEEEEEEEEEEES

* Filenanme: 12creg.inc *
* This file contains all nenory registries in the program *

LR R R R R R R R R R R R R R R I R R

IR R R R R R R R R R R SRR EE R R SRR EEEEEEREEEEEEEEEEEEEEE]

VARI ABLES
EIR R R R I R I R R I I R R R S R R R R R R R I I R I I
.align 128
_12C DP .usect “data”, 0

_|I 2CSTATUS . usect “data”, 1

* CDBYTECTR

*Qut put data btye counter

* o+ +
* |15 81 7 0

* o+ +
* | Current byte | Nurmber of |
* | pointer | byt e |
* o+ +

* byte pointer : 8bits . because reserved 255 words

*

*ODBI TCTR

*Qut put data bit counter

* o+ +

* |15 41 3 0

* o+ +
I
I
+

* | XXXXX [ Bi t
* | pointer
* o+

* bit pointer : 3bits . for byte

_ODBYTECTR .usect “data”, 1

ODBI TCTR .usect “data”, 1

*| DCTR

*| nput data btye/bit counter

* 4 +
* |15 81 7 0

* o+ +
* | Current byte | Nurmber of |
* | pointer | byt e |
* 4 +

* byte pointer : 8bits . because reserved 255 words
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*1 DBl TCTR

*I nput data bl T counter
* o+
* | 15 4| 3 0
* o4

*

[ XXXXX | Bi t
* | pointer
* o+

+ — — + — 4+

* bit pointer : 3 bits for a byte

_ | DBYTECTR .usect “data”, 1
| DBI TCTR .usect “data”, 1
ERRORCODE .usect “data”, 1
_SLAVE _ADDR .usect “data”, 1
TEMP_REG .usect “data”, 1
PO NTER .usect “data”, 1
TEMP1_REG .usect “data”, 1

* CDPTR
*Qut put data address pointer register (16bits)

*reserved 255 words (uses only 8 hits)

* o+ +
* |15 0 |
* o4 +
* | Address of output data |
* o+ +
.align 128
_ODPTR .usect “data”, Offh
*| DPTR

*| nput data address pointer register

*reserved 255 words (uses only 8 bhits)

* o+ +

* |15 0 |

* o+ +

* | Address of input data |

* o+ +
.align 128

| DPTR .usect “data”, Offh

***************************END G: FI LE***********************************
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R R R R R R R R R R RS R R R R R R R SRR R RS R R R R R R R EE R EEE R R EEEEEEEEEEEREEEES

* Filename: tine.inc *
* This file contains the progranmable period of tinmer interrupts. *

* *

IR RS R R R R R R R R R R R R R RS R R R R R R R EEEEEEREEEEREEEEEEEEEEEEEEEES

;***USER PERFERENCE SETUP***************************************

F_CPU Mz .set 80 ;If init_pll.asmis used, CPU

; Frequency is 80MHz.
PRD_VAL_us .set 1 ;Select to obtain 1us interrupt.
START_HOLD TIME_u .set5 ; Sel ect to obtain 5us interrupt.
SCL_HI GH_us .setb ; Sel ect to obtain 5us interrupt.
SCL_LOM _us .set5 ; Select to obtain 5us interrupt.
SCL_LOW2_us .setb ; Sel ect to obtain 5us interrupt.

STOP_SETUP_TI ME_us .set5b ; Sel ect to obtain 5us interrupt
-**END O: USER PERFERE'\K:E SE"‘UP*********************************

K_PRD VAL .set ((PRD_VAL_us*F_CPU M)/ 16)-1
K_START _HOLD_TIME .set ((START_HOLD TIME_us*F_CPU MHz)/16)-1

K_SCL_H GH .set ((SCL_H GH us*F_CPU_M1z)/16)-1
K_SCL_LOM .set  ((SCL_LOM_us*F_CPU_M+z)/16)-1
K_SCL_LOwe .set ((SCL_LOW2_us*F_CPU MHz)/16)-1
K_STOP_SETUP_TIME .set ((STOP_SETUP_TIME_ us*F_CPU MHz)/16)-1
STOP_TI MER .set 001FH

START_TI MER .set 002FH

***************************END G: FI LE*******************************
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/**********************/

/*
/* Filenane : i2c.cmd
/* —define menory nap

/*

*/
*/
*/
*/

/**********************/

—e start
MEMORY
{
PAGE 0:
P_VECT (RWK)
P_DARAM (RWK)
PAGE 1:
D SARAMZ  ( RWK)
}
SECTI ONS
{
vectors
. text
dat a
const ant
program
STK
}

org
org

org

{}
{}
{}
{}
{}
{}

vV V. V V V V

/************************END

/*define starting point of progrant/

0080h, I[en = 0080h
2000h, len = 100h

2100h, | en = 700h

P VECT PAGE 0
P_DARAM PAGE 0
D_SARAM PAGE 1
D_SARAMR PAGE 1
D_SARAMR PAGE 1
D_SARAMR PAGE 1

G: Fl LE***********************************/
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/*************************/

/* */
/* Filenane: init.gel */
/* —the GEL file for CCS */
/* */

/*************************/

/* set PMST to */
/* I PTR = 01H */

/* MP = OVLY = 1; DROM off,
#defi ne PMST Ox1d
#defi ne PMBT_VAL 0x00e0

/* set wait-state control reg for:
#defi ne SWABR 0x28
#defi ne SWASR VAL 0x2492

/* set external —-banks switch control

#defi ne BSCR 0x29
#defi ne BSCR_VAL 0x02
StartUp()
{

init();
}

nmenui tem “ C5400";

hot menu reset ()

{
GEL_Reset ();
init();
GEL_MapOn();
CGEL_MapReset () ;

GEL_XMDef (0, Ox1e, 1, 0x8000, Ox7f);

GEL_XMOn() ;

GEL_MapAdd(0, 1, 0x8000, 1, 1) ;
GEL_MapAdd( 0, 0, 0x20000, 1, 1) ;

GEL_MapAdd(0, 2, Oxffff, 1, 1);
}

hot menu init()

{
*(int *)PMST = PMBT_VAL;
*(int *)SWABR = SWABR VAL;
*(int *)BSCR = BSCR VAL;
GEL_MenoryFi | | (0x4, 2, 1, 0xff03) ;
}

28 Interfacing the TMS320C54x DSP
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IR E RS SRR EE SRR RS R R R R R R R R R R R R R R R R R R R EEEEEREEEEEEEEEEEEEES

* *
* Filenanme: init_pll.asm *
* This file initializes the CPU clock (10-MHz crystal is used). *
* *

EEE RS SRS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEEREEEESEEEESEEEEEEES

. mT egs
. def _INIT_PLL
. text

CINIT_PLL:

;— 1. Set clock nbde to DIV node. In order to change PLLNDIV, PLLCOUNT etc
STM #0, CLKMD.

wai t _di v_node:
BI TF *( CLKMD) , #1 ; Test if PLLSTSATUS=O0.
BC wait_di v_node, TC ;1f not, nove on(PLL node).

:— 2. Set clock npde to PLL npde.
STM #0111011111111111b, CLKND

10111~~~ ;PLL multiplier, freq = PLLMJL + 1.
e § I ; PLLDIV, pll divide node

[ ———— 11111111~~~ ; PLLCOUNT, pll lock time, I/P clk X 16
; 1~~ ; PLLONOFF

; 1~ ; PLLNDIV, pll divide node
| 1 ; PLLSTATUS, pll node(read only)

:— 3. Wait for PLL | ock,
wai t _pl | _node:
Bl TF *( CLKMD), #1
BC wait_pll_nopde, NTC
NOP

LDM PMST, A
OR #4H A ; Enabl e CLKQUT si gnal .
STLM A, PMST
NOP
NOP
RET

*****************************END O: Fl LE**********************************
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LR R R R R R R R R R RS R R RS R R R R R R R R R R R R R R R R RS R R R R R EEEEEEREEEEREEEEEEEEEEERE

* Fil ename: main.asm *
* This is an exanple to test the |2C data transfer using EEPROM PCF8582. Its *
* address is defined in i2c.asm K_SLAVEADDR *
* *

LR R R R R R R R R R RS R R R R RS R R R R R R R R R R R R EE SRR EEEEEEEEEREEREEEEREEEEEEEEESEERE]

. mT egs

.def start

.ref _INIT_PLL, ODBYTECTR, _| DBYTECTR, _CDPTR
.ref _init_gpio,_init_i2c, wite_i2c, _read_i2c
.def _USER _FUNCTI ON

LEN .set 400 ; Length of stack segnent
BOS .usect “STK’,LEN

IR R R R R EEE R R R E RS EE R R R RS EEE SRR EEEEEEEEEEEEEEREEEEEESEEEEEEREEEEESEEEESESS
’

; MAIN ROUTI NE

DR EEEEEEEEEEEEEEREEEEEEEEEESEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEES
)

. text
start:
STM  #BOS+LEN, SP ; Setup stack pointer.
CALL _INIT_PLL :lnit CPU cl ock.
RSBX SXM ; Si gn ext ensi on suppressed
NOP
CALL _init_gpio ;Init McBSP to GPIO
CALL _init_iZ2c ;lnit 12C data transfer.

IR R I R
)

p ¥rxxxxkxSET UP SLAVE ADDR AND WRI TE DATA (DATA MUST BE BYTE!) ¥ ** %% %%

CALL _init_iZ2c ;Init 12C data transfer.

STM  #_ODPTR+1, AR2 ; _ODPTR+0 contai ns sl ave addr.

ST #0, * AR2+ ;lnitiate EEPROM i nternal addr pointer 00h.
ST #011H, * AR2+ ; Store 11h to EEPROM addr 0Oh.

ST #012H, * AR2+ ; Store 12h to EEPROM addr Olh.

ST #013H, * AR2+ ; Store 13h to EEPROM addr 02h.

ST #014H, * AR2+ ; Store 14h to EEPROM addr 03h.

ST #015H, * AR2+ ; Store 15h to EEPROM addr 04h.

ST #016H, * AR2+ ; Store 16h to EEPROM addr 05h.

STM  #_ ODBYTECTR, AR1

ST #7, * ARL ;7 bytes to be sent, including slave addr.
CALL _wite_iZ2c ;WN'te and enabl e gl obal interrupt.

CALL Del ay ;Allows for Ef Wcycl e of EEPROM
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-*********SET UP EEPROV' Internal Address POI nter**************************

CALL
ST™M
ST
NOP
STM
ST
CALL

CALL

_init_i2c ;lnit 12C data transfer.
# CODPTR+1, ARL ; _ODPTR+0 contai ns sl ave addr.
#0, *ARL+ ; Reset EEPROM i nternal addr pointer back to 00h.

# ODBYTECTR, ARL

#1, *ARL ;1 byte to be sent.
_write_iZ2c ;Wite and enabl e global interrupt.
Del ay ;Allows for EfWcycl e of EEPROM

;*********READ BAC'( 6 BYTES FROVI EEPROVF**************************************

CALL _init_iZ2c ;lnit 12C data transfer.

STM # | DBYTECTR, AR1 ; 1ST | oc at odptr contains slave addr.

ST #6, * ARL ;Read in 6 bytes.

CALL  _read_i2c ; Read and enabl e gl obal interrupt.
;*********End Of prograrnk**~k***~k*******~k***~k*****************************
STOPSTOP:

B STOPSTOP

B S I R I R I R R R
1

;***O‘I’HER SUBR&JTI NES****************************************************

IEE R RS SRS R E R R R RS E R R E SRR R RS R EE R R EEEEEEEREEREEEREEEEEEEEREEEESEEESEES

Del ay:

PSHM
PSHM

ST™M
LOOP1: STM
LOOP2: NOP

BANZ
BANZ
NOP
POPM
POPM
NOP
RET

;A delay subroutine to allow for the E#Wcycle NOP
;before any further wite/read process to EEPROM
AR5
ARG

#2000, AR5
#2000, ARG
LOOP2, * ARG-

LOOP1, * ARS-

ARG
AR5

IEEEEE SRS EEE R R RS R EE R EEEEEEEEEEEEEREEEEEREEEEEEEEEEEEEESREEEESEEREEEESESEEESEES
’

EEE I R R R R I I R S R R R S S S R I R I I R R S T I R S I R S R

_USER_FUNCTI
NOP
RET
.end

ON: :User function subroutine is called when data
;transfer is successful.
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****************************END G: FI LE**********************************

IR R R R R R R R R R R R R R RS R RS R R R R R R R R R R R R R R EEE R R EEEEEEEEEEEEEREEEEEEEEEESE]

* *
* Filenanme: i2c.asm *
* This files the 12C tiner interrupt service routine and other |2C *
* initialization routines. *
* *

EREEEEREEEEEEEEEEEEEEEEEEESEEREEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEEEEEEEEEEEEEEESE

. mr egs

.include “tine.inc”
.include "i2c.inc”
.include “bsp.inc”
.include “i2creg.inc”

.def TIMER I NT

.def _| 2CSTATUS, _ODBYTECTR, _| DBYTECTR, _ ODPTR, _SLAVE_ADDR
.def _init_gpio,_init_i2c, wite_i2c, _read_i2c

.ref _USER FUNCTI ON

;***MASK array defines the bit position of a byte
.sect “constant”

MASK .int 01h ;Bit O
.int 02h ;Bit 1
.int 04h ;Bit 2
.int 08h ;Bit 3
.int 10h ;Bit 4
.int 20h ;Bit 5
.int 40h ;Bit 6
.int 80h ;Bit 7 (NMBB)

.sect “progrant

IR R RS R R R R R R R R R R R R R RS R R R R R R EEEE R EEEEREEEEEEEEEEEREEEEEREE
)

; TIMER I SR

rhkkhkkhkkhkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhhhhhhhkhhhhhkhhkhkhkhkhkhkhhkhkhkhhkhkhkhkhkhkhhkhhhkhhhkhkhkhkhkhkhrhkhkkhkkhkkhkkhkhk
)

TI MER_| NT:

; ***SAVE CPU REG STERS TO STACK* **
PSHM STO
PSHM ST1
PSHM AR1
PSHM AR2
PSHM AR3
PSHM AR4
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PSHM AR5
PSHM AR6
NOP
NOP
RSBX  SXM ; Suppressed sign extension
RSBX  CPL ;Use DP as relative direct-addressing.
RSBX  HM ;Hold node = 0.
LD # 12C _DP, DP : Set DP.
NOP
NOP
LD _ | 2CSTATUS, A ; Load i 2c status.
LD A B ;Duplicate i2c status.
AND #K DI SABLE | 2C, B ; Check if i2c disable.
BC tint_disable_tint, BNEQ ;1f =1, go to end.
; ***UPDATE PREVI QUS SDA AND SCL***
AND #3H, A ; Mask all except current bits.
LD A 2,B ;Shift current bits to previous bits.
ANDM  #0FFFOH, _| 2CSTATUS ; Mask of f lower 4 bits.
LD _| 2CSTATUS, A :Load i 2c st atus.
ADD B, A ; Current —> previous
STL A, | 2CSTATUS ; Store back to register (current=0).
; *** UPDATE CURRENT SDA AND SCL***
STM #SPSA, AR2 ; AR2 points to SPSA.
ST #PCR_SUB, * AR2+ : Check line status of SCL.
LD #(K_DR_STAT_1| K_FSXP_1),B ;Mask DR STAT & FSXP bit (bits 4 and 3).
AND #0OFFFFH, A ; Clear AH(i 2c status).
AND *AR2—, B ; Check DR_STAT and FSXP bit.
R B, -3, A ;Shift current SCL to bits 1 and O.
STL A, _| 2CSTATUS ;store back to i2c status register.
; *** CHECK START/ STOP CONDI TI ON OR MODE OF OPERATI ON***
LD A B ; Duplicate i2cstatus.
AND #K CLKH 1,B ; Need to set SCL=hi gh.
BC tint_cl k_go_hi gh, BNEQ ;1f one, goto set_high
LD A B ; Duplicate i2c status.
AND #K CLKL_1,B ;Need to set SCL=| ow.
BC tint_clk_go_| ow, BNEQ ;1 f one, goto set_|ow
LD A B ;Duplicate i2c status.
AND #K_ACK 1, B :Check ACK in i2c status.
BC tint_ack, BNEQ ;1 f ACK=1, goto tinit_ack.
LD A B ; Duplicate i2cstatus.
AND #K _START_1,B ; Check start condition in i2c status.
BC tint_start, BNEQ ;1 f start=1, goto tinit_start.
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AND #K STOP_1, A ; Check stop condition in i2c status.
BC tint_stop, ANEQ ;1f stop=1, go to tinit_stop.
MVDK | 2CSTATUS, TEMP_REG ; Copy i2c status to tenp register.
ANDM #01100000B, TEMP_REG ; Mask on 6 and 5 bits (Mde of operation).
CVWPM  TEMP_REG, #K_READ FROM SLAVE ; Conpare only 6 and 5 bits.
BC tint_read_slave, TC ;1f 10, go to read_sl ave(TEMP_REG as an

;extra ACK flag, not equal to 0).
CMPM TEMP_REG, #K_WRI TE_TO SLAVE ; Conpare only 6 and 5 bits.
BC tint_wite_slave, TC ;1f 01,goto wite slave(TEMP_REG
;as a extra ACK flag, not equal to 0).
o1
B tint_busy ; For future upgrades,
;mul ti—master not supported now
; ***END OF MAIN CONTROL LOOP***

EEE R R S I I R R I S I R R R I
)

ERE R R R I I R I I R R R R I
)

; ***%* START CONDI TI ON SEQUENCES* * * * *

tint_start:
; ***READ THE PREVI QUS AND CURRENT SDA/ SCL LEVELS***
MVDK | 2CSTATUS, TEMP_REG ; Copy i2c status to tenp register.
ANDM #0FH, TEMP_REG ; Mask on |l ower 4 bits.
CMPM TEMP_REG #1111B ;AL lines high
BC tint_start_start, TC ;G to end of start condition.
CVPM TEMP_REG #1110B ;Start finished
1~~~ : Previous SCL=1.
; ~1~~ ; Previ ous SDA=1.
s ~~1~ ;Current SCL=1.
; ~~~0 ; Current SDA=0.
BC tint_start_finish, TC ;G0 to end of start condition.
B tint_start_invalid ;G to invalid (only consider 2 cases).

; ***BEG N OF START CONDI TI ON***
tint_start_start:

CALL pul | SDA ; SDA->0 whil e SCL=1.

; ***SETUP TI MER | NTERRUPT FOR hol d ti me=5us

STM  #STOP_TI MER, TCR ;Stop tinmer.

STM  #K_START_HOLD_TI ME, PRD ;Load hold time of CLK (5us).
STM  #START_TI MER, TCR ;Start tinmer.

B tint_end_isr

; ***END OF START CONDI Tl ON***
tint_start_finish:
CALL pul | SCL ; SCL=0 after hold tine.
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ANDM #K_START_0, _| 2CSTATUS ;Clear start flag.
ST #1, TEMP_REG ; Set extra ACK flag for normal clocking.
B tint_end_isr ; TENT still at 5us
; *** UNKNOWN STATE* * *
tint_start _invalid:
CALL rel easeSDA ; Rel ease both lines and do start again.
CALL rel easeSCL ;
B tint_end_isr ; End timer | SR
R R KKK K KRR KKK KRR KKK K KRR KKK KK KRR K XK KRR K XK KK R R K KK K
K K K K K KK K K K K K K K K K K K K K K K
p¥rxxxxBEG N ACKNOALEDGEMENT BI T SEQUENCE* * * * *
tint_ack:
; ***CHECK | F MASTER-RECEI VER MODE (read sl ave)
MVDK _| 2CSTATUS, TEMP_REG ; Copy i2c status to tenp register.
ANDM #01100000B, TEMP_REG ;Mask on 6 and 5 bits (Mde of operation).
CVWPM  TEMP_REG, #K_READ FROM SLAVE ; Conpare only 6 and 5 bits.
BC tint_ack_not_rs, NTC ;1f not 10,go to not_rs.
LD | 2CSTATUS, A ; Check if sending of slave addr is over?
AND  #K_ADDR 1, A :
BC tint_ack_end_sl ave_addr, ANEQ ;I f end of send addr, go to end_sl ave_addr.
LD PO NTER, B ;Extra flag
BC tint_ack_rs_first, BEQ ;1 f first time, PO NTER==0.
CALL rel easeSDA
ANDM #K_ACK_0, _I 2CSTATUS ; Remove ACK fl ag.
B tint_end_isr
tint_ack rs_first:
ST #1, PO NTER ; Set PO NTER f I ag.
LD _I 2CSTATUS, A ; Load i 2c status.
AND #K STOP_1, A ; Check stop condition in i2c status.
BC tint_ack_stop, ANEQ ;1f stop=1, go to tint_ack_stop.
CALL pul | SDA ; ACK is LONwhen not |ast byte
B tint_ack_end ; TEMP_REG flag is not O.
tint_ack_stop:
CALL releaseSDA ; ACK is H GH when | ast byte
B tint_ack_end ; TEMP_REG flag is not O.

tint_ack_end_sl ave_addr:
ANDM #K_ADDR 0, _I 2CSTATUS ; Renobve sl ave address fl ag.

; Continue on, let slave ACK.

Interfacing the TMS320C54x DSP

35



{'f TEXAS
SPRAS36 INSTRUMENTS

;***I N MASTER-TRANSM T MODE (write slave)***
tint_ack_not_rs:

CALL rel easeSDA ; SDA=hi gh. Let slave ACK on this line.

ST #0, TEMP_REG ;Clear tenp reg, as an extra ACK fl ag.
tint_ack_end:

ORM  #K _CLKH_1, _| 2CSTATUS ; Next TINT, enable SCL —> hi gh.

B tint_end_isr

; ***TEST | F SLAVE ACKNONLEDGE TO MASTER***

tint_ack_test: ;Call from where SCL=hi gh(CLKH fl ag renoved).
;***CHECK | F SLAVE ACK BY PULLI NG SDA DOAN* * *
ST #PCR_SUB, * AR2+ ; Sub- bank address (SPSA) =PCR.
LD #K_FSXP_1, A ; Check if SDA go | ow?
AND *AR2-, A
BC tint_ack _sda_ | ow, AEQ ;1 SDA=l ow, go to sda_l ow.
; ***SLAVE DI D NOT ACKNOW.EDGE* * *
ORM  #K ERR 1, | 2CSTATUS ; Turn error flag on.
ST #K_ERR_NOACK, ERRORCODE ;G ve type of error.
tint_ack_sda_I| ow
; *** SLAVE ACKNOW.EDGED* * * ; SCL go_high flag has disabl ed.
ORM  #K CLKL_1, |2CSTATUS ; Enabl e SCL go_Il ow fl ag.
ANDM  #( K_ACK_0&K_ADDR 0), | 2CSTATUS ; Renpve ACK and ADDR fl ag.
STM  #STOP_TI MER, TCR ; Stop timer.
STM  #K_SCL_HI GH, PRD ;Load hi gh period of SCL (at 5us).
STM  #START_TI MER, TCR Start tiner.
B tint_end_isr ;lnterrupt at 5us.

ERE R R S I R R I R R R I R R S
)

rhkkhkkhkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhhhhhhhhhhhkhhkhkhkhhkhkhkhhhkkhkhkhkhkhkhkhhhhhhhhhhkhkhkhkhkhkrkhkhkkhkkhkhkh*k
)

; *****STOP CONDI TI ON SEQUENCES* * ***

tint_stop: ; SCL=l ow after ACK
;***CHECK | F FIRST TI ME ENTER STOP SEQUENCE* * *
LD TEMP1_REG A ; To make sure transition of SDA does
BC tint_stop_continue, ANEQ ;not occur in SCL=1
CALL pul | SDA ;1f extra ACT flag=1, not first tine
ST #1, TEMP1_REG ; Set fl ag=1.
STM  #STOP_TI MER, TCR ; Stop tiner.
STM  #K_STOP_SETUP_TI ME, PRD ; Load stop setup tine (5us).
STM  #START_TI MER, TCR Start tiner.
B tint_end_isr ; Check agai n.
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tint_stop_continue:

MVDK | 2CSTATUS, TEMP_REG ; Copy i2c status to tenp register.
ANDM #03H, TEMP_REG ; Mask on lower 2 bits.
; *** AFTER 2ND PASS, SCL=1 , SDA=0***
CWPM TEMP_REG, #10B ; Stop finished
1~ :Current SCL=1.
; ~0 ; Current SDA=0.
BC tint_stop_finish, TC ;Go to end of stop condition.
; ***| MVEDI ATELY AFTER ACK, SCL/ SDA=0/0Q***
CWM TEMP_REG #00B ; After ACK
; 0~ ; Current SCL=0.
:~0 : Current SDA=0.
BC tint_stop_invalid, NTC ;G to invalid (only consider 2 cases).
; ***CHECK | F SLAVE HOLD ON TO SCL LI NE***
CALL rel easeSCL ; SCL=1.
NOP ; Vit for a while. (Does SCL go high
NOP ;Wait for a while. i mredi atel y?)
NOP :Wait for a while.
; *** SYNCHRONI ZATI ON** *
ST #PCR_SUB, * AR2+ ; Sub- bank address (SPSA)=PCRLD #K_DR _STAT_1, A

; Check if SCL go high?
AND *AR2— A
BC tint_stop_scl_go_high_yes, ANEQ ;If SCL=high, goto high_yes.
; ***SLAVE STILL HOLDI NG ON TO SCL LI NE***
; ***SETUP TI MER | NTERRUPT FOR lus***
B tint_stop_invalid ; Check agai n.

tint_stop_scl_go_high_yes:
; ***SETUP TI MER | NTERRUPT FOR hol d ti ne=5us***

STM  #STOP_TI MER, TCR ; Stop timer.

STM  #K_STOP_SETUP_TI ME, PRD ; Load stop setup tinme (5us).
STM  #START_TI MER, TCR ;Start tinmer.

B tint_end_isr

;***SDA:O _> l***
tint_stop_finish:

CALL rel easeSDA ; SDA=1.

ANDM #K_STOP_O0, _| 2CSTATUS ;Clear stop flag.

ORM  #K SUCC 1, _| 2CSTATUS ; SUCCESSFUL

NOP
CALL _USER_FUNCTI ON ; Go to user—function subroutine.
NOP
B tint_end_isr ;End timer ISR
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tint_stop_invalid:

CALL pul | SDA

CALL rel easeSCL

ST™M #STOP_TI MER, TCR
ST™M #K_PRD_VAL, PRD
ST™M #START_TI MER, TCR
B tint_end_isr

; Enabl e the situation of stop condition.
:=> both lines are | ow.

; Stop tinmer.

; Load PRD (1us).

;Start tinmer.

; Check agai n.

IR EE R R EEEE R R R R R R R R R R R EEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEREEREEESERSES
’

IR E R R R R R R R R R R R R R R E R R R R R E R R R R EEEEEEREEEEREEEEEEEEEEEREEEREEREEESERSES

; *****READ FROM SLAVE SEQUENCES* * * * *

tint_read_slave:

LD _I 2CSTATUS, A

AND #K_ADDR 1, A

BC tint_cl k_go_hi gh, AEQ
B tint_wite_slave

; Load i 2c status.
; Check if send sl ave addr
1 f
; Wite slave addr

NOW.
=0, go to rs_node.

inthe first byte.

; ***READ DATA FROM SLAVE DURI NG SCL=Hl GH***

tint_rs_node:

; ***SETUP PO NTERS TO CORRECT LOCATI ON***

LD #| DPTR, B

LD _I DBYTECTR, -8, A
STL A, PO NTER

ADD A B

STLM B, AR4

CvPM | DBI TCTR, #7

BC

ST #0, * AR4

tint_rs_not_new byte:

ST #PCR_SUB, * AR2+

LD #K FSXP_1, B

AND * AR2—, B

LD B, -3, A

LD | DBI TCTR, B

BC tint_rs_bit_0, BEQ
SUB #1,B

STL B, TEMP1_REG
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; Load addr of out-data to B.

; Move current byte pointer.

;Store it to PO NTER (1ST = BYTE 0).
;Update current btye pointer.

; AR4 points to current byte.

;1f IDBITCTR == 7, then it is new byte,

tint_rs_not_new _byte, NTC ; el se not new byte.

;Clear the nenory | ocation.

; Check current line status of SDA.
;Mask FSXP bit (bit 3).

; Check FSXP bit.

;Store to bit 0 of A

; Check if end of byte,i.e., bit ctr=0.
;1f bit ctr=0, go to new byte,
;el se decrenent bit ctr.

;Store to TEMP1 register.
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RPT TEMP1_REG ;Shift A (bitctr-1) tines.

SFTL A1l ;Result in A

;***LSB NO NEED TO SHI FT***
tint_rs_bit_O: ;1f bit 0, no need to shift.

LD *AR4, B ;Load B with current read byte.

OR A B : Conmbi ne and store to B.

AND #0FFH, B ;Allows only byte

STL B, *AR4 ; Store back to nenory.

LD I DBI TCTR, A ;1f BITCTR=O(LSB) ie., end of byte,

BC tint_rs_next_byte, AEQ ;go to next byte.

SUB #1,A B ; Decrenent A and store to B.

STL B, 1 DBI TCTR ; Store back to register.

B tint_rs_next ; Next bit

;***TEST |F COVE TO LAST BYTE***
tint_rs_next_byte:

ORM #K_ACK 1, | 2CSTATUS ; Enabl e ACK fl ag.
ST #7,1DBI TCTR ;Start from MSB (initiate next byte).
ADDM #1, PO NTER ;I ncrenent PO NTER
ANDM #OFFH, _| DBYTECTR ; Prepare num of btye to receive.
LD PO NTER, B :Load the increnental PO NTER to B.
LD _|I DBYTECTR, A ; Load num of byte to A
SUB B, A ; A=(Num of byte) — (current byte PO NTER).
BC tint_rs_no_nore_byte, AEQ ;1f=0, no nore to receive.
LD PO NTER, 8, A ;Shift 8 places forward.
LD _I DBYTECTR, B ;
OR B, A ; Conbi ne PO NTER and num of btye to send.
STL A, _|I DBYTECTR ; Updat e | DBYTECTR.
B tint_rs_next ; G0 to next byte.
tint_rs_no_nore_byte:
ORM #K _STOP_1, | 2CSTATUS ; Enabl e STOP condition.
tint_rs_next:
ST #0, PO NTER ;Extra flag use in ack_rs.
ORM #K CLKL_1, | 2CSTATUS ; Next TINT, enable rel easeSCL.
STM #STOP_TI MER, TCR ;stop tinmer.
STM #K_SCL_H GH, PRD ;Load PRD (interrupt at 5us).
STM #START_TI MER, TCR ;Start tinmer.

B tint_end_isr ;

R R R R EEEEEEEEEEEEREEEEEEEEESEEEEEEEEEESEEEEREEEE SRR EEEEEEEEEEEEEEEEEEEEEEEEES]
)

R R R R R EEEEEEEEEESEEREEEEEEEEESEEEEEEEEEESEEEEREEEE SRR EEEEEEEE SRR RS SRR EEEEEEEEES]
)
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; *****\WRI TE TO SLAVE SEQUENCES* * * **
tint_wite_slave:
; ***SET UP AR4 PO NTS TO BYTE TO BE SENT***

LD # ODPTR, B ; Load addr of out-data to B.

LD _ODBYTECTR, -8, A ; Move current byte pointer.

STL A, PO NTER ;Store it to PO NTER (1ST= BYTE 0).
ADD A, B ; Update current btye pointer.

STLM B, AR4 ; AR4 points to current byte.

; ***SET UP AR3 PO NTS TO BIT TO BE SENT***

STM #NMASK, AR3 ; AR3 points to MASK.

RPT ODBI TCTR ; Look up table (LUT).

LD *AR3+, A ; Store mask to A

AND *AR4, A ;Check if the bit is high or |ow
;***WRITE Bl T***

CC rel easeSDA, ANEQ ; Bit=1, SDA=hi gh.

CC pul | SDA, AEQ ; Bit=0, SDA=I ow.

; ***TEST | F COME TO LAST BI T***

LD ODBI TCTR, A :1f BITCTR=0(LSB) i.e., end of byte,
BC tint_ws_next_byte, AEQ ;g0 to next byte.

SUB #1,A B ; Decrenent A and store to B.

STL B, ODBI TCTR ; Store back to register.

B tint_ws_next ; Next bit

;***TEST | F COVE TO LAST BYTE***
tint_ws_next_byte:

LD PO NTER, B ;First byte is byte zero.
ORM #K_ACK 1, _| 2CSTATUS ; Enabl e ACK fl ag.
ST #7, ODBI TCTR ;Start from MSB (initiate next byte).
ADD #1, B 1l ncrement PO NTER.
STL B, PO NTER ; Store back.
ANDM #O0FFH, _ODBYTECTR ; Prepare num of btye to send.
LD _ODBYTECTR A ; Load num of byte to A
SUB B, A ; A=(Num of byte) — (current byte PO NTER)
BC tint_ws_end_wite, AEQ ;1f=0, no nore to send. Enable stop condition.
LD PO NTER, 8, A ; Shift 8 places forward.
LD _ODBYTECTR, B ;
OR B A ; Conbi ne PO NTER and num of btye to send.
STL A, _ODBYTECTR ; Updat e ODBYTECTR.
B tint_ws_next ; Go to next byte.
- %% % NO MORE DATA® * *
tint_ws_end wite: ; Do not update PO NTER for |ast byte.
ORM #K_STOP_1, | 2CSTATUS ; Enabl e STOP conditi on.
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ST #0, TEMP1_REG
; *** PREPARE FOR NEXT Bl T***
tint_ws_next:

ORM #K_CLKH_1, | 2CSTATUS ; Next TINT, e nabl e rel easeSCL.

STM #STOP_TI MER, TCR ; Stop tinmer.

STM #K_SCL_LOM, PRD ; Load SCL | ow period(interrupt at 5us).
STM #START_TI MER, TCR ;Start timer.

B tint_end_isr ;
; ***BUSY LI NES OR UNKNOAN CONDI TI ON

tint_busy: ; Unknown condition or lines are busy.
; *** REPORT ERROR TYPE***
ORM #K_ERR_1, _| 2CSTATUS ;Turn error flag on.
ST #K_ERR_UNKNOWN, ERRORCCODE ;G ve type of error.

B tint_end_isr

EEE S S S bk S kI S S kR kI R R I S S S S S S R R R S O
’

BRI R I R R I R R R I R
1

; *Fx R  MAKE CLK—>HI GH SEQUENCES* * * * *
tint_cl k_go_high:

CALL rel easeSCL ; SCL=hi gh.
NOP ; Wit for a while. (Does SCL go high
NOP ;Vait for a while. i mredi atel y?)
NOP ;Wait for a while.
; *** SYNCHRONI ZATI ON* **
ST #PCR_SUB, * AR2+ ; Sub- bank address (SPSA) =PCR.
LD #K_DR_STAT_1, A ; Check if SCL go high?
AND * AR2—, A
BC tint_cl k_go_hi gh_yes, ANEQ ; 1 f SCL=hi gh, goto high_yes.
; ***SLAVE HOLD SCL LOW **
STM #STOP_TI MER, TCR ;Stop tinmer.
STM #K_PRD_VAL, PRD ;Load PRD (interrupt at 1us).
STM #START_TI MER, TCR ;Start timer.
B tint_end_isr ; Do go_hi gh procedure again.

; ***CLK GONE HI GH ( SLAVE NO MORE HOLDI NG ONTO SCL) ***
tint_cl k_go_high_yes:
ANDM #K_CLKH_0, _| 2CSTATUS ; Remobve SCL go_hi gh fl ag.
; ¥R ACKNOALEDGE SEQUENCE* * *
;***CHECK IF IT IS IN THE ACK PHASE (wite slave)***
LD TEMP_REG A :Check if Slave release SDA |ine.
BC tint_ack_test, AEQ ;Extra ACT flag=0: ACK in progress
; *****END OF ACKNOWLEDGE SEQUENCE* * *
; ¥****READ THE CURRENT SDA LEVEL (FOR READ SLAVE MODE) ***
; ***CHECK | F MASTER-RECEI VER MODE (read sl ave)***
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LD _| 2CSTATUS, B ;

LD B, A ;Duplicate

AND #K_ADDR 1, A : Check ADDR in i2c status.

BC tint_clk_go_high_not_rs, ANEQ ;If sending slave addr, go to not _rs.

MVDK _| 2CSTATUS, TEMP_REG ;Copy i2c status to tenp register.
ANDM #01100000B, TEMP_REG ;Mask on 6 and 5 bits (node of operation).
CVPM TEMP_REG #K_READ FROM SLAVE ; Conpare only 6 and 5 bits.
BC tint_cl k_go_high_not_rs, NTC ;1f not 10, go to not_rs.
; ***CHECK | F I N ACK PHASE* * *
AND #K_ACK 1, B ; Check ACK in i2c status.
BC tint_rs_node, BEQ ;1T ACK=0, goto rs_node.
; ***CHECK | F GO NG TO STOP SEQUENCE* * *
LD _I 2CSTATUS, A ; Check if cone to the last byte
AND #K_STOP_1, A ;Need to set extra TEMP_REG fl ag=0
BC tint_clk_go_high_not_rs, AEQ ;Bcos to avoid the unknown transition
; of SDA.
ST #0, TEMP1_REG ; To prolong SDA=0 in stop sequences

; *****END OF READ THE CURRENT SDA LEVEL (FOR READ SLAVE MODE) ***
tint_clk_go_high_not _rs:

; ***END OF READ SLAVE MODE* * *

ORM #K_CLKL_1, | 2CSTATUS ; Enabl e SCL go_Il ow fl ag.

STM #STOP_TI MER, TCR ; Stop timer.

STM #K_SCL_HI GH, PRD ;Load PRD (interrupt at 5us).
STM #START_TI MER, TCR ;Start timer.

B tint_end_isr ;lnterrupt at 5us.

EE S I S S S kR Sk I S S R R Rk Sk kO S S S S I S I S I R SRR Rk S S O O O
)

EE S I S S R R I Rk I S S R R S I kR Rk I O O O O O
)

; *** MAKE CLK—>LOW SEQUENCES* * *
tint_clk_go_ | ow

CALL pul | SCL : SCL=I ow.

ANDM #K_CLKL_0, _| 2CSTATUS ; Renbve SCL go_l ow fl ag.

STM #STOP_TI MER, TCR ; Stop tinmer.

STM #K_SCL_LOW2, PRD ;Load SCL | ow period(interrupt at 5us).
STM #START_TI MER, TCR Start tiner.

B tint_end_isr ;lnterrupt at 5us.

rhkkhkkhkkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhhhhhhhhkhhhhkhhkhkhkhhkhkhkhhhkhkhkhkhkhkhkhkhhhhhhhhhkhkhhkhkhkhrkhkhkkikkhkhkhk
)

chkkhkkhkkhkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkkhkkhkhkhhhhhhkhhhhhhhkhkhkhkhkhkhhhkkhkhkhkhkhkhkhkhkhkhhhhhhhkhkhkhkhkhkkkkkikhkhkh*k
)

; *** Dl SABLE FURTHER TI MER | NTERRUPT* * *
tint_disable_tint:
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ANDM #OFFF7H, | MR ; Disabl e any further TINT.
B tint_end_end

kxR kEND OF | SRE****
tint_end_isr:

ORM #0008H, | MR ; enabl e tiner interrupt

STM #0FFFFH, | FR ; Clear any pending interrupts.
; ***START OF OTHER TINT | SR
tint_end_end:

; ***RESTORE CPU REQ STERS

NOP

NOP

POPM AR6

POPM AR5

POPM AR4

POPM AR3

POPM AR2

POPM AR1

POPM ST1

POPM STO

NOP

NOP

; END OF TI MER | SR
RETE ; Enabl e gl obal | NTM

EEE S S S b Sk kI Rk kI O S S S S S I S R Rk S
1

IR R R I I R R R I R
1

-k k ok
’

; OTHER SUBRCUTI NES

sk kk
)

IEEEEEEEEEEEEEEEESEREEEEEEEEESEEEEESEEEEESEREEREEE SRR EEEZEEEEESEEEEEEREEESEEEEES]
)

; SDA = HGH I SR

IR R RS S R R R R R R R RS R R R R R R R R R R R R R R R R R R R R R EEEEREEREEEEEREEEREEEEREEEEESS
1

r el easeSDA:

ST #PCR_SUB, * AR2+ ; Sub- bank address (SPSA0) =PCRO.
ORM #K DX STAT 1, *AR2- ; Mask on DX _STAT BIT.

NOP

NOP
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RET

EEE S I S S S kI Rk kI A R R Rk kI S S S S I S S R Sk kO O O O O
)

; SDA = LOWNI SR

IR R R R R R R R R R R R R R R R R R R R R R R R R R R R R EEEEEREEEEEREREEEREEREEEEEREEEEEEE]
)

pul | SDA:
ST #PCR_SUB, * AR2+ ; Sub- bank address ( SPSAQ0) =PCRO.
ANDM #K_DX_STAT_0, * AR2- ; Mask of f DX_STAT BIT.
NOP
NOP
RET

IEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEEREEESEEEEEESEEEEEEEEEEEEEEEESEEREES
’

; SCL = HHCGH I SR

IEEEEEEEEEEEEEEEEEEEEEEEEESEEREEEESEEREEEEEEEEESEEREEEEEEEEEESEEEEEEEEEEEEEEEESEEEES
)

rel easeSCL:

ST #PCR_SUB, * AR2+ ; Sub- bank address (SPSA0) =PCRO.
ORM #K _FSRP_1, * AR2- ; Mask on FSR BIT.

NOP

NOP

RET

R R R I I S R I
)

; SCL = LOWI SR
R R KKK K KRR R KKK KRR R KKK K KRR KKK KK KRR KKK K KRR KKK KK KRR K X K K
pul | SCL:

ST #PCR_SUB, * AR2+ ; Sub- bank address (SPSA0) =PCRO.

ANDM #K_FSRP_0, * AR2- ; Mask off FSR BIT.

NOP

NOP

RET

EE I I S S S b R R kO Rk I S R R R S O I S S I S I I R R O O O O O
IEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEESEEEEESEEREEEEEEEEEEEEEEEEEEEEEEEEEESEEREES

IR E RS R R R R R R R R R R R R R R R R R R R RS R R EE R EEEEEEEEEEEEEEEEREEEREEREEESEEREE]

; SET MCBSP AS GPIO

IR EE R R EEEE R R R RS R R R R R R RS R R EEEEEEEEEEEEEEREEEEREEEEEEEESEEEREEEREEREEESSERESES
’

_init_gpio:
NOP
PSHM AR2
NOP
STM  #SPSA, AR2 ; AR2 points to SPSAQ.
ST #SPCR2_SUB, * AR2+ ; Sub- bank address ( SPSA0) =SPCR20.

ST #0000000000000000b, * AR2-
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[ 0 (XRST) ;GPIO: transmitter is reset

ST #SPCR1_SUB, *AR2+ ; Sub- bank address ( SPSA0) =SPCR20
ST #0000000000000000b, * AR2- ;
| 0 (RRST) ;GPIO : receiver set

ST #PCR_SUB, * AR2+ ; Sub—bank address (SPSA0)=PCRO
ST #0011010100100101b, *AR2- ;

=l ( XI CEN) ;GPIOtransmitter i s enabl ed.
;L (RI CEN) ; GPl O receiver is enabl ed.

; 0 (FSXM ; FSX set as input

; 1 (FSRM) ; FSR set as out put

; 1 ( CLKRM ; CLKR set as out put

; 1 (DX_STAT) ; Rel ease SDA li ne.

; 1~~ (FSRP) ; Rel ease SCL li ne.

: 1 (CLKRP)  ;CLKR = 1.

NOP ; MBSP takes 2 clock cycle
NOP ;to start.

POPM AR2

NOP

RET

IR RS SRR EEEEEEEEEEEEEEEEEEEEEREEESEEREEEEEEEEEEEEEESEEEEEEEESEEEESEREEEEEEEESESES
’
CE S S S R R R S Sk kI S S Sk S S S R Rk I S S O R R Rk kS
’

CE S S R R S kS S Sk S S Ik Rk I S R R Ik I S
'

; INITIATE | 2C
;*************~k***********************************************************
_init_iZ2c:

NOP

PSHM AR1

NOP

STM #_| 2CSTATUS, ARL
ST #(K_RESET_|2C K _CSDA 1| K_CSCL_1), *ARL+ ;| 2CSTATUS

ST #0, *ARL+ ; ODBYTECTR
ST #7,* ARl+ ; ODBI TCTR
ST #0, *ARL+ ; | DBYTECTR
ST #7,*AR1+ ; 1 DBI TCTR
ST #0, *AR1+ ; ERRORCCDE
ST #K_SLAVEADDR, * AR1 ; SLAVE_ADDR
NOP
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IR EE R R R R R R R R SRR R R R R R R R R R R R R R R R R R EEEEEREEEEEREEEEREEEEEREEEEESESE]
)

; INIT TIMER
R KKK K KRR KKK KRR R KKK K KRR KKK KK KRR R KKK KRR KKK KK R R K X K K K
STM #STOP_TI MER, TCR ; Stop timer.
STM #K_PRD_VAL, PRD ; Load PRD.
STM #START_TI MER, TCR ;Start tinmer.
ORM #0008H, * (1 MR) ;Enabl e tiner interrupt.
STM #0FFFFH, | FR ; Clear any pending interrupts.
NOP
POPM AR1
NOP
RET

EEE Ik S S S S S R Rk O kSRR kS R R

)
B R R R R R R R R R R R R R EEE R R EEEE R R EEE R R R EE R R R E R R R I
’

IEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEESEEEEEEEEREEEEEEEESEEEEEREEEEESEEEE
’

; INIT MASTER- TRANSM TTER PROCESS

EEE I S S S S S R S S O S S S Rk S S I S S S S I R
)

_wWite_i2c:
NOP
PSHM AR1
PSHM AR2
NOP
STM #_1 2CSTATUS, AR1 ;Init i2cstatus register for wite.
ST #(K_START_1| K WRI TE_TO SLAVE| K_ADDR 1| K_CSDA 1| K CSCL_1), *AR1
NOP
STM #_SLAVE_ADDR, AR1 ; 1ST loc of ODPTR is slave address.
LD *ARL, 1, A ;Shift slave address 1 place to the left.
ADD #K_ | 2C WRI TE, A ;Wite node of operation to LSB.
STM #_CDPTR, AR2
STL A *AR2 ; Store back to _ODPTR
STM #_CODBYTECTR, ARL
ADDM #1, * AR1 ; Add one nore byte for slave address.
NOP
POPM AR2
POPM AR1
NOP
RETE

EE I S S S S R R R Sk kI kS S R R Rk I O O O S S S S S R
)
B R R R R R R R R I R R I
)
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IR R RS SR R R R R R R RS R R R R R R R R RS R R R R R R R R EEEEEEEREEEEEEEEEEEEEEEEEES

)

I NI T MASTER- RECElI VER PROCESS

IR R RS SRR R R R R R R SRR R R R R R R R R RS R R R R R R RS EEEEEEEEREEEEEEEEEEEEEEEEEES

_read_i 2c:

B R R R R I R R R R R
1

IR R RS EEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEREESEEREEEEEEEEEESEEEEEEEEEEREESESESS
)

rhkhkkkkhkhkhkhkhkhkhk Kk Kk hkhkhk kK * Rk Ik Ik Ik S Ik kI S R R Rk kI S S S S I
; END* OF* FI LE

IR RS E S EEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEREESEREEEEEEEEESSEEEEEEEEEEEREESESES]
)

NOP

PSHM AR1

NOP

STM #_| 2CSTATUS, ARL ;lnit i2cstatus register for read.

ST #(K_START 1| K_READ_FROM SLAVE| K_ADDR 1| K CSDA 1| K_CSCL_1), *ARL
NOP

STM #_SLAVE_ADDR, AR1 ; 1ST loc of ODPTR i s slave address.
LD *AR1, 1, A ;Shift slave address 1 place to the left.
ADD #K_| 2C READ, A ;Wite node of operation to LSB.

STM #_ODPTR, ARL

STL A *ARL ; Store back to _ODPTR

NOP

STM #_ODBYTECTR, ARL ;Only 1 byte(slave addr) to be sent.
ST #2,*AR1 ;Must store 1+1 num of bytes to send
NOP

POPM AR1

NOP

RETE

.end
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Appendix D Application Schematic
Vce Vce Vce
R3 R4
Ul
J1 ; § J2
— DX 2 3 R1
DX | 6 1A 1y 1| sba
FSR 5 6 R2
FSR |5 2A 2Y 2| scL
FSX 8 9
FSX | 4 3y 3A
DR 11 12
DR |3 . ay 4A
Vce | 2 2 10E Vce
GND |1 e————d 20E
_— 10 —_— 14
o —~d 70E  onp L
R1, R2=1KQ
74HC125 R3, R4 = 10 KQ
12C interface circuit
Vce Vee Vee Vee
u2 1 1 1
O O (@]
8 1 2 2 2
VbD A0 O O —O
7 2 JP1 JP2 JP3
J3 PTC Al o o o
6 3 3 3 3
scL |2 - SCL A2 2
SDA |1 SDA Vss
PCF8582

PCF8582 EEPROM application

Application Schematics of I12C Interface Circuit and PCF8582 EEPROM Application
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